During larva-to-pupa metamorphosis Drosophila salivary glands undergo programmed cell death by autophagocytosis. Although ultrastructure of Drosophila salivary glands has been extensively studied in the past, little is known about mechanism of programmed cell death, especially the role of the cytoskeleton. In this paper we describe changes in microtubule and actin filament network compared to the progress of DNA fragmentation and redistribution of acid phosphatase. In feeding and wandering larvae microtubules and actin filaments form regular networks localized mostly along the plasma membrane. The first major rearrangement of microtubules and actin filaments occurred when larvae everted spiracles and the glands shifted their secretion from saliva to mucoprotein glue (stage L1). Microtubule cytoskeleton became denser and actin filaments concentrated along cell boundaries. At the same time nuclei flattened and migrated into the microtubule-rich layer near the basal membrane. In late prepupae (8 ± 10 h after P1) the microtubule network became fainter, and actin filaments appeared frequently deeper in cytoplasm, gradually concentrating around nuclei.
Introduction
Programmed cell death (PCD) is defined by the presence of a program that allows unwanted cells to be quickly eliminated in a controlled apoptotic manner (Raff et al, 1994) . Genetic studies in Caenorhabditis elegans and Drosophila melanogaster have suggested the existence of an evolutionarily conserved program required for the induction of PCD (Hengartner, 1994; Steller, 1995 ) . Apoptosis is usually characterized by shrinkage and fragmentation of cytoplasm, together with a coalescence of chromatin into a single mass and a sometimes delayed internucleosomal fragmentation of the DNA (Raff et al, 1994; Martin et al, 1994; Bortner et al, 1995; Majno and Joris, 1995; Zakeri et al, 1995 for recent reviews). Later in the process, in most vertebrate cells, dehydration and fragmentation of the cytoplasm and nuclei give rise to apoptotic bodies. These latter are quickly removed through phagocytosis by macrophages or neighboring cells (Wyllie et al, 1980) . In metamorphosing insect tissues and some other tissues of epithelial origin the bulk of the cytoplasm is degraded in lysosome-derived autophagic vacuoles (Beaulaton and Lockshin, 1982; Zakeri et al, 1995) . In different systems, ICE-like proteases (Yuan et al, 1993; Kumar, 1995) play an important role in the protease activation cascade leading to apoptotic collapse of cells . The substrates of proteolysis include lamin B (Voelkel-Johnson et al, 1995) , involved in maintaining integrity of nuclear structure, and cytoskeletal proteins such as actin, fodrin and Gas2 Brancolini et al, 1995; . Thus the cytoskeleton may be an important component of the first phases of apoptosis.
Reorganization of the cytoskeleton represents an important part of the apoptotic changes in cell morphology. Blebbing of vertebrate cells, a major indicator of ongoing apoptosis, is clearly associated with changes in the actin filament system, including redistribution or elimination of actin-binding proteins (Dayton et al, 1981; Jewell et al, 1982; Nicotera and Orrenius, 1992) . Formation of apoptotic bodies in late stages of apoptosis requires actin filament assembly and can be blocked by inhibitors of actin polymerization (Cotter et al, 1992) . Experimentallyinduced disruption of microtubules can trigger apoptosis in several mammalian cell lines (Martin and Cotter, 1990a; Tsukidate et al, 1993; Takano et al, 1993) and loss of microtubules has been observed during apoptosis of HL-60 cells and b-amyloid-induced apoptosis of neural cells (Martin and Cotter, 1990b; Watt et al, 1994) . Others have reported abundant microtubules and increased overall tubulin immunofluorescence during apoptosis in some human cell lines (Pittman et al, 1994) . However, in these studies one cannot rule out the possibility that the rearrangements seen are simply reflections or consequences of the well-known morphological changes.
Metamorphosing Drosophila salivary glands first secrete a silk-like glue protein and then undergo PCD. Both of these activities involve the cytoskeleton. Secretory epithelial cells in general require intact cytoskeleton for their function. Actin filaments support the asymmetric shape of the cells as well as microvilli at the apical surface of epithelial cells (Carraway and Carraway, 1989) . Microtubules mediate transport of membraneous compartments during secretion (Schroer and Sheetz, 1991) and abundant microtubules are present in salivary glands of Drosophila larvae (Riparbelli et al, 1993) . Although various aspects of the intracellular morphology of Drosophila salivary glands during development have been extensively studied in the past (Poels et al, 1971; Harrod and Kastritsis, 1972; von Gaudecker, 1974; Thomopoulos et al, 1989 Thomopoulos et al, , 1992 Riparbelli et al, 1993) , remarkably little is known about the mechanism of PCD of the gland cells and especially the role of cytoskeleton in this process. This paper describes changes in organization of tubulin and actin cytoskeleton during cell death. These changes occur early and are associated with the progress of DNA fragmentation and redistribution of lysosomal acid phosphatase. The results are consistent with the hypothesis that in Drosophila salivary glands cytoskeletal rearrangements begin before extensive autophagic activities target nuclei for degradation late in the course of programmed cell death.
Results

Alteration in tubulin organization
Drosophila salivary glands start to autolyze immediately after the peak in their secretory activity at larva-to-pupa metamorphosis. We first analysed the microtubule system in active glands from third instar feeding and wandering larvae. Our observations were consistent with those of Riparbelli et al (1993) . The tubulin immunofluorescence revealed a fine lacelike network of microtubules ( Figure 1A ). Abundant fluorescence near the lateral membranes sharply contrasted with low fluorescence background inside the cells, suggesting that the microtubules were concentrated along the lateral membranes and near the basal membrane of the gland. Double staining with DAPI revealed nuclei located mostly in the centers of the cells ( Figure 1B ). Higher magnification of the basal cortex showed a pattern composed of interlaced bundles of microtubules separated in a geometric pattern by areas about 5 ± 10 mm in diameter ( Figure 1C) .
Although the glands isolated from wandering larvae were larger than those from feeding larvae, the pattern of tubulin staining and localization of nuclei remained largely unchanged. However, the microtubular network near the basal membrane acquired a coarser appearance and the bright fluorescence near the lateral membranes became more blurred. This could be best seen at lower magnifications ( Figure 1D and E). At high magnification slightly thicker bundles of microtubules were seen ( Figure 1F ) but the overall structure of the network appeared unchanged.
After the larvae stopped crawling and everted spiracles (stage L1) the size of the glands peaked as the lumen became filled with secretion (not shown). During this stage intracellular morphology underwent pronounced changes. The microtubule network was now much denser. Increased tubulin fluorescence made the lace-like network almost unrecognizable at low magnification. At the same time the nuclei migrated towards the basal membrane, flattened and penetrated fully into the cortical layer of microtubules. Distinct microtubule baskets surrounding nuclei were regularly seen at this stage ( Figure 1G and H). The increase of the tubulin fluorescence was not due to increased background fluorescence caused by massive microtubule depolymerization since a dense network of intact microtubules was visible in the regions between nuclei and the plasma membrane ( Figure 1I ). At stage L2, when the bodies of larvae shortened, the baskets around nuclei became even more defined against the dense microtubule network along the basal membrane ( Figure  2A and B). This pattern of microtubule organization remained virtually unchanged through the formation of the white puparium (stage P1, not shown).
Approximately 2 h after P1 shrinkage of the gland became increasingly apparent. As the gland shrank the nuclei located under the basal membrane often protruded outwards, resulting in an irregular wrinkled appearance of the gland surface ( Figure 2C ). The microtubular network did not display any apparent sign of extensive degradation ( Figure 2D) .
At 8 h after P1, while the gland continued to shrink, microtubules appeared to be as dense as the previous stages. Large dark spots corresponding to nuclei were clearly visible. However, smaller dark inclusions developed in the otherwise uninterrupted microtubular network ( Figure  2E ). These areas were randomly scattered and often surrounded by layers of intense fluorescence, suggesting that they represented microtubular baskets around vacuolar structures similar to those around nuclei. At higher magnification ( Figure 2F ) the microtubular network was seen to be more regular and fainter than at the previous stages and seemed to display the first signs of disintegration. Again, the detailed structure was distinguishable only in the thin layer between the basal membrane and the nuclei. The apparent size of the pores in the network, as seen in the microscope, was now mostly well below 5 mm. Moreover, distinct thick microtubule bundles were no longer observable by fluorescence microscopy ( Figure 1F ).
At 13 ± 14 h after P1, when the animals entered the stage of phanerocephalic pupae, the glands began to collapse. Only remnants of the glands could be isolated from the pupae and these consisted mainly of loosely attached highly vacuolated cells. The final degradation of the tissue proceeded asynchronously even in neighboring cells, so that many cells could be found with morphology typical for the preceding stage. Gradually, as the secretory epithelium disintegrated, the cells lost their original shape and turned into aggregations of spherical autophagic vacuoles. At low magnification the tubulin immunofluorescence revealed irregular staining of non-uniform intensity that surrounded nuclei or their fragments. These could still be seen as rounded dark spots within the cells ( Figure 2G ). In some places relatively unimpaired stretches of microtubules could be found at higher magnification but the network was mostly substantially reduced ( Figure 2H ). At the same time a high background of diffuse fluorescence suggested that the major proportion of microtubules was depolymerized. No distinct pattern was observable in the rounded cell fragments or apoptotic vacuoles.
Reorganization of actin filaments
In the glands isolated from feeding larvae F-actin stained with Rh-phalloidin was concentrated mainly along lateral cell boundaries and in the periluminal region but also near the basal surface of the gland. Here actin filaments formed irregularly shaped blebs and brightly fluorescent short thick bars ( Figure 3A ). The blebs were often arranged into elongated arrays oriented mainly perpendicular to the gland axis. The bars were also oriented mostly perpendicular to the gland axis and were dispersed randomly along the basal membrane of the gland cells. The bars were not seen at the extreme anterior end of the gland (not shown).
In wandering larvae the cortical actin pattern remained largely unchanged, displaying fine surface blebs and thick bars. Rh-phalloidin fluorescence in the periluminal region was even more intense than at the previous stage, as the lumen swelled and filled with secretion ( Figure 3B ).
Similar to tubulin immunofluorescence, Rh-phalloidin staining revealed a major change in the actin filament organization in the postfeeding larvae (stage L1). The network of the F-actin blebs and rods was no longer present but discrete patches and dots appeared instead under the basal membrane ( Figure 3C ). These structures were either randomly distributed or clustered into larger groups. The clusters were also visible along lateral membranes, giving them a rough discontinuous appearance, in contrast to the smooth boundaries visible at earlier stages of metamorphosis. At stage L2 actin filament patches and dots were more concentrated near the lateral membranes. At this stage the lateral cell boundaries gave the brightest, though rough and discontinuous, Rhphalloidin fluorescence, ( Figure 3D ). This organization of actin filaments persisted through the stage P1 (not shown).
At 2 h after P1 the actin filament system still consisted of submembraneous patches and dots, although the intensity of the fluorescence near the lateral membranes considerably decreased. However, the F-actin staining also became detectable scattered deeper in the cytoplasm. It appeared mostly in the form of dots and patches similar to those under the cell surface, but at the same time a new type of spherical vacuolar structure, with a thin continuous layer of F-actin, was regularly seen (Figure 4A and B). At this stage these structures were rather small (ca. 5 ± 20 mm in diameter) and distributed randomly throughout the cytoplasm.
At 10 h after P1 few actin filament patches were visible along the basal membrane and the fluorescent labeling near the lateral membranes was noticeably reduced. Meanwhile, the fluorescence of the actin filament-coated organelles gradually became more and more conspicuous. Their number increased and they slightly increased in size (mostly 10 ± 25 mm). The most striking change, however, occurred in their localization. Whereas at the earlier stages their distribution was more or less random, within 10 h after P1 they accumulated around nuclei ( Figure 4C and D) . In the great majority of cells at this stage the actin filamentcoated organelles formed distinct rings around nuclei. The rings were either symmetrical or there was more material accumulated on one side of the nucleus.
Just before their final disintegration (13 ± 14 h after P1) mostly only uneven continuous F-actin fluorescence was visible in the cells, often accompanied with larger irregular aggregates giving intense fluorescence staining. The surface of spherical cell fragments and autophagic vacuoles was associated with fluorescence that was similar to that observed in the intracellular F-actin-coated organelles found in the cytoplasm at late prepupae stage ( Figure 4E ). In contrast to the tubulin labeling, no apparent correlation between the pattern of actin filament distribution and the localization of nuclei could be found ( Figure 4F ).
Accumulation of acid phosphatase activity
The actin-coated vacuoles accumulated around nuclei approximately 10 h after P1, when the glands were rapidly shrinking. This suggests that these organelles might be directly involved in the process of advanced disintegration of the cells. One possibility is that these structures represent lysosomes or autophagic vacuoles, which are known to accumulate, activate, and reorganize during PCD in insect salivary glands (Lockshin, 1981; Halaby et al, 1994) . Histochemical assays were performed for acid phosphatase as a marker activity of lysosomes to examine whether its distribution follows the same pattern as the distribution of actin-coated organelles. We found that, in the glands isolated from wandering larvae, acid phosphatase activity was localized into numerous discrete spots dispersed evenly throughout the cytoplasm ( Figure 5A ). Higher concentrations of the activity were observable along the lateral membranes. In the glands isolated from the animals 8.5 h after P1, the overall staining was much more intense, indicating considerably increased acid phosphatase activity. Although the dispersed spots were visible, most of the activity was at this stage concentrated around nuclei which were seen as areas bereft of reaction product close to the basal membrane. (Figure 5B ). In contrast to the situation with the wandering larvae, the lateral cell boundaries were either associated with lighter staining than the rest of the cell or were not recognizable at all. Within another 3.5 h after P1 the overall staining became even more intense. The lateral cell boundaries were distinctly lighter as the bulk of the acid phosphatase activity moved towards nuclei and the cell boundaries were now visible as pale lines. At the same time, focusing through the cells revealed heavily stained spherical compartments surrounding the nuclei ( Figure 5C ). At this and later stages the previously uniform pattern of staining became increasingly irregular, which probably reflected the fact that different portions of the gland underwent degradation at different rates. This was most prominent just before the final collapse of the gland, approximately 13 ± 14 h after P1. At this stage individual cells differed in the distribution of acid phosphatase activity. The staining was concentrated to spots of various sizes, more or less concentrated around nuclei or their fragments. Cell fragments or released vacuoles gave the most intense continuous staining. Thus, the pattern of distribution of acid phosphatase activity closely followed the pattern of distribution of actin-coated organelles during the PCD of Drosophila salivary glands.
Delayed DNA fragmentation during PCD
In most systems, fragmentation of DNA molecules is one of the early signs of ongoing PCD (Bortner et al, 1995) . However, in the hornworm Manduca sexta the DNA fragmentation is a late event (Zakeri et al, 1993) . We wondered whether in degenerating Drosophila salivary glands the late accumulation of acid phosphatase around nuclei and the late nuclear degradation and fragmentation might also indicate delayed DNA fragmentation. For this purpose we employed the TUNEL technique, which enables specific fluorescent labeling of free ends of DNA molecules.
As a positive control, we treated glands isolated from wandering larvae with DNase I. These glands displayed intense labeling ( Figure 6A ). No label was detectable in untreated glands from the same stage which served as the negative control (not shown). The TUNEL labeling was not detectable in the glands from the early third instar through about 10 h after P1 ( Figure 6B ). Approximately 11 h after P1 more nuclei became visible as they started to accumulate the fluorescent label but the labeling remained rather weak ( Figure 6C ). The accumulation was not uniform and a markedly different intensity of the label could be detected even in neighboring cells. The fragmentation, however, tended to occur earlier in the cells near the anterior end, perhaps reflecting a gradient of progress of cell death or a differentiation in the physiology of the gland. In collapsing glands, around 13 h after P1, the labeling was distinct in all cells ( Figure 6D ), revealing essentially the same pattern as the staining of DNA by DAP1 ( Figure 4F ). Our results showed that in Drosophila salivary glands DNA fragmentation does not proceed to an extent detectable by fluorescence microscopy until the very late stages of metamorphosis, similar to what we have previously shown for the Manduca sexta labial gland (Zakeri et al, 1993) .
Discussion
Organization of cytoskeleton is thought to be important for initiation and progression of apoptosis in different systems but from the limited data available to date its precise role is not understood. In this paper we concentrated on changes in the arrangement of microtubules and actin filaments during PCD in Drosophila salivary glands.
During the early and middle third instar stages (feeding and wandering larvae) microtubules formed a regular network concentrated mainly along the cell peripheries and actin filaments at the apex and near the lateral membranes. This pattern is typical for active Drosophila salivary glands in the middle third instar and has been described earlier by other investigators (Riparbelli et al, 1993) .
At the onset of L1 the microtubules as well as actin filaments underwent major reorganization of their structure. The changes included an increase in the density of the microtubular network and dissolution of the regular arrangement of actin filament structures along the basal membrane. This is consistent with the findings of earlier ultrastructural studies that in L1 the gland cells undergo major restructuring as they switch from secretion of saliva to intense production of the mucoprotein glue (Harrod and Kastritsis, 1972, von Gaudecker and Schmale, 1974; Thomopoulos et al, 1989; Riparbelli et al, 1993) . It has been suggested (Riparbelli et al, 1993) that the microtubular network provides mechanical support of the gland epithelium rather than being directly involved in the secretion process. The reason for the increase in its density at this stage remains unclear. At the same time, the nuclei migrate towards the plasma membrane, flatten and become trapped in the baskets formed by the cortical microtubular network. It is plausible that the nuclei are displaced by the increasing number of large secretory granules that were originally dispersed over the cytoplasm and now start to fill the apical domain (Poels et al, 1971; Harrod and Kastritsis, 1972) . Actin filaments are concentrated mainly at the apical domain, where they support the microvillar structure (Carraway and Carraway, 1989) . Actin filaments near the basal membrane have also been interpreted as supporting infoldings of the membrane (Riparbelli et al, 1993) . The infoldings are probably reduced or disappear as the gland swells prior the discharge of the glue. As the glue mucoprotein is discharged the glands start to shrink. This point marks the end of their functionality and the commitment to PCD.
During the initial stages of the larva-to-pupa metamorphosis the basic pattern of microtubule and actin filament distribution in the gland cells remains virtually unchanged. However, as the degradation proceeds some trends could be distinguished. First, the apparent increased density of the microtubule network does not diminish until a very late stage of PCD. Rather, the integrity of the network appears b ± cell boundaries, arrowheads ± acid phosphatase activity in vacuoles concentrated around nuclei. Bar, 150 mm. Concentration of acid phosphatase delineates cell boundaries in feeding and wandering larvae, but thereafter the expansion and movement of the lysosomal compartment more clearly reveals the nuclei by their lack of reaction product.
to slowly deteriorate from early on, as the thick microtubule bundles become scarcer and shorter fragments of individual microtubules are more and more frequent. Second, while the most prominent actin filament structure in the early third instar salivary glands is the lining of the apical membrane, in L2 and P1 the majority of actin filament material becomes localized along the lateral membranes.
Immediately after the redistribution of actin filaments the glands begin to shrink rapidly. The actin filaments along the lateral cell boundaries may be involved in this process. The shrinkage is most apparent near the cell boundaries, which gives the outer surface of the gland an irregular wrinkled appearance, and may be a consequence of the tension of the actin filament-rich cortical layer after the counterbalance produced by the microtubule cell support diminishes (Ingbar, 1993) . However, the persistence of the rearranged microfilaments may be necessary, since in at least some mammalian cells integrity of the actin filament system is necessary for fragmentation of apoptotic cells and formation of apoptotic bodies (Cotter et al, 1992) .
The redistribution of actin filament material in apoptotic cells is likely to be associated with specific proteolysis of the components of actin filament system . In at least one case it has been demonstrated that a microfilament-associated target protein (Gas2) is cleaved specifically by the ICE-like protease activated during apoptosis (Brancolini et al, 1995) . Active involvement of actin filaments in the shrinkage of Drosophila salivary glands during PCD could be verified by treatment with drugs interfering with actin filament polymerization such as cytochalasin D. However, such experiments could not be performed given the current lack of a relevant in vitro system. Such a system is now under development in our laboratory.
Shortly after the onset of P1 (about 2 h) actin filaments began to accumulate deeper in the cytoplasm. First they were visible as dots and patches but later they formed distinct spheres, presumably actin filament-coated vacuoles. Similar structures were described in lepidopteran silk glands where they appear during molting after silk secretion has stopped (Henderson and Locke, 1992) . The authors proposed that the actin coat may be a means by which the actin filaments are stored during molting or that the coat is required for formation of endocytotic vacuoles. We provide evidence that the actin filament-coated organelles in the cells of Drosophila salivary glands may be related or identical to autophagic vacuoles. The overall lysosomal activity gradually increases and redistributes from small loci scattered throughout the cytoplasm to larger vesicles concentrated around nuclei, and is known to accumulate in the gland cells of the late third instar insects (von Gaudecker and Schmale 1974; Thomopoulos et al, 1992; Jones and Bowen, 1993) . This distribution is similar to that seen for the actin coated vesicles. As revealed by electron microscopy, in the early third instar cells the acid phosphatase activity is mainly localized in the trans Golgi network and primary lysosomes. During L1 and L2 stages it redistributes to all Golgi stacks, secondary lysosomes and autophagic vacuoles (Thomopoulos et al, 1992) . After puparium formation (P1) the autophagic vacuoles contain the bulk of acid phosphatase activity and continue to increase in volume (von Gaudecker and Schmale 1974) . In our hands large patches of acid phosphatase reaction product concentrate around nuclei within 8 ± 10 h after P1, at the same time that the actin filament-coated organelles form distinct perinuclear rings. Moreover, at the final stages of the salivary gland PCD isolated rounded cell fragments are loosely attached to the gland remnants. The surface of these structures gives continuous F-actin staining as well as intense acid phosphatase reaction.
In most systems apoptosis is associated with early nuclear DNA fragmentation accompanied with nuclear fragmentation. (Lockshin and Zakeri, 1991; Bortner et al, 1995) . In Drosophila salivary glands DNA does not fragment until the late stage of PCD, approximately 11 h after P1, that is about 1 h after the nuclei are fully surrounded by lysosomes and autophagic vacuoles. Extensive fragmentation of nuclei occurs only at very late in PCD, 13 h after P1. It has been suggested previously (Zakeri et al, 1993 Bowen et al, 1993) that at least some insect tissues do not undergo early DNA fragmentation during PCD. Proteases and nucleases are responsible for apoptotic DNA fragmentation (Weaver et al, 1994; . DNase 1, which is considered to be one of the major endonucleases responsible for apoptotic chromosomal DNA fragmentation (Peitsh et al, 1993) , may be stored in latent form in cells susceptible to apoptosis. It has been proposed that the enzyme gains access to the nucleus due to breakdown of the nuclear envelope (Peitsh et al, 1993) . The timing of the late events of PCD in Drosophila salivary glands favors this idea. Therefore, the late degradation of nuclear material may be related to the autophagic nature of the PCD, in contrast to the condensation-fragmentation based apoptosis in most mammalian systems (Beaulaton and Lockshin, 1982, Zakeri et al, in preparation) .
The changes in the cytoskeleton substantially precede DNA degradation and, if Drosophila salivary glands prove to be similar to the labial glands of tobacco hornworms, the changes in cytoskeleton may coincide with the earliest metabolic changes in programmed cell death. It is probable that alterations to microtubules and microfilaments are one of the sources of the rearrangement of cell shape. Whether they represent a mechanism by which cell function is disrupted or a consequence of other changes can best be tested when this form of PCD is duplicated in vitro. Such experiments are underway.
Materials and Methods
Rearing conditions and timing of animals Drosophila melanogaster (Canton-S wild type) larvae were used in all experiments. Larvae were reared on Formula 4-24 instant Drosophila medium (Carolina) at 258C with a 12 h photoperiod. The staging of the larvae was based on their physiological characteristics according to Ashburner (1989) . Glands were isolated at the defined Ashburner stages: late 3rd instar feeding larva (F), wandering larva (W), postfeeding larva (L1), stage L2 (shortened body, spiracles everted) and from white pupa (white puparium formed, P1) at 2 h intervals until their final collapse at 13.0 ± 13.5 h after P1.
Immuno¯uorescence of tubulin
Glands were dissected in 0.9% NaCl, fixed in 4% formaldehyde in PEM buffer (60 mM PIPES, 5 mM EGTA, 5 mM MgCl 2 , pH 6.9) for 30 min, washed 365 min in PEM and permeabilized with 0.4% Triton X-100 in PEM for 10 min at room temperature, washed in PEM, preincubated in 1% BSA and 0.2% Triton X-100 in PEM for 30 min at room temperature, and then incubated overnight with monoclonal antia-tubulin antibody (Amersham, 100X diluted in 1% BSA in PEM) at 48C. After 3 washings in PEM and 1 in 1% BSA in PEM the glands were transferred into FITC-conjugated anti-mouse IgG (Calbiochem, diluted 56 in 1% BSA in PEM and preadsorbed overnight with fixed and permeabilized glands) and incubated for 3 h at room temperature. The glands were then washed 365 min in PEM, incubated for 10 min in 1 mg/ml DAPI (Sigma) in PEM, washed and mounted in SlowFadeLight Antifade in 50% glycerol (Molecular Probes). The specimens were observed through use of a Nikon fluorescence microscope using fluorescein and DAP1 filters.
Fluorescence labeling of actin ®laments
Glands were dissected and fixed as above, permeabilized with 1% Triton X-100 in PEM for 10 min at room temperature, washed 26 in PEM and incubated with 5 mg/ml TRITC-conjugated phalloidin (Sigma) in PEM for 10 min at room temperature. The glands were then washed 365 min in PEM, incubated for 10 min in 1 mg/ml DAPI (Sigma) in PEM, washed, mounted in 80% glycerol in PEM with 1 mg/ml paraphenylenediamine and observed as above.
Detection of DNA fragmentation
DNA fragmentation was visualized using the TUNEL technique (Gavrieli et al, 1992) . Glands were isolated and fixed as described above. After fixation they were permeabilized 10 min in 1% Triton X-100 in PEM and washed 365 min in PEM and once in DNase buffer (50 mM Tris-HCl, 10 mM MgCl 2 , 0.1% Triton X-100). Some glands from wandering larvae were then incubated with 146 mg/ml (10.07 U/ mg) of DNase I (Sigma) in a humidified chamber at 378C for 1 h as a positive control. The glands were then incubated in TUNEL mixture for analysis by fluorescence microscopy (Boehringer Mannheim) in a humidified chamber at 378C for 4 h. They were then washed 465 min in DNase buffer and mounted in SlowFade-Light Antifade in 50% glycerol (Molecular Probes). Some of the DNase I-treated glands were incubated only in FITC-labeled nucleotide mixture without deoxynucleotidyl transferase (Boehringer Mannheim) as a negative control.
Localization of acid phosphatase
The glands were isolated, fixed and permeabilized as described for actin staining. Then they were incubated for 15 min at room temperature in acid phosphatase staining mixture (Acid Phosphatase Detection Kit, Sigma) prepared according to the manufacturer's instructions. After staining the glands were rinsed 365 min in distilled water and mounted in 80% glycerol. The acid phosphatase activity was detected microscopically by the presence of the insoluble redviolet reaction product.
